We examined by ligand binding methods whether bradykinin (BK) receptors exist in rat and pig cerebral microvessels, and in the cerebral cortex from which the microvessels were isolated. We found a high affinity and saturable BK receptor site in both rat and pig cerebral microvessels, but not in their cerebral cortex. The maximal density of binding and the dissociation con stant were 8.0 ± 4.1 and 6.8 ± 1.5 fmol/mg of protein and 47 ± 24 and 150 ± 8 pM (mean ± SD) in cerebral mi crovessels of the pig and rat, respectively. The high affinity specific binding of BK was effectively displaced by des-Argo[Hyp3-Thi5�,D-Phe7]BK, a specific B 2 recep tor antagonist, but not by des-Arg9[Leu8]BK, a specific B, antagonist. We also demonstrated that BK increases phosphatidylinositol hydrolysis in cerebral micro vessels of the rat and pig. This effect was also blocked by the B 2 .
but not by the B" antagonist. Increased phosphatidyl inositol hydrolysis was manifested by a rapid transient increase in inositol trisphosphate and the later slow ac cumulation of inositol bisphosphate and inositol mono phosphate. Preincubation of microvessels with phorbol ester, stable GTP analogs, pertussis toxin, or in Ca 2 + -free buffer did not influence BK activation of phos phatidylinositol hydrolysis. These results demonstrate the existence of BK receptors of the B2 subtype in brain microvessels, which may play an important role in mod ulation of the brain microcirculation, probably via in creased phosphoinositide turnover. Key Words: Bradyki nin receptors-Phosphoinositide turnover-Inositol phosphate-Brain microvessels-Capillary endotheli um-Blood-brain barrier. 1989; Francel et aI. , 1989) , with the resultant accu mulation of cyclic nucleotides (Stoner et aI. , 1973; Fahey et aI. , 1977) , the release of prostaglandins (Hong and Levine, 1976) , the activation of phos pholipase A2 (Burch and Axelrod, 1987; Conklin et aI., 1988) , and activation of phospholipase C with the resultant accelerated phosphatidylinositol (PI) hydrolysis (Bell et aI. , 1980; Derian and Moskowitz, 1986; Berridge, 1987; Fisher and Agranoff, 1987; Osugi et aI., 1987; Chuang and Dillon-Carter, 1988; Voyno-Yasenetskaya et aI. , 1989) .
Most previous investigations of BK functions fo cused on vascular smooth muscle, the intestine, and the kidney. BK (Hori, 1968; Correa et aI. , 1979; Perry and Snyder, 1984) , the enzymes that synthe size and degrade it (Hori, 1968; Shikimi et aI. , 1973; Chao et aI. , 1983) , and its receptors (Fujiwara et aL, 1988 (Fujiwara et aL, , 1989 are present in the central nervous sys tem. BK also has major effects on the cerebral cir culation in vivo, in addition to its known effects on isolated cerebral vessels in vitro (see review by Wahl et aI. , 1987) . Furthermore, BK, when injected into the cerebral circulation (U nterberg et aI., 1984) , superfused onto the cerebral cortex (Unter berg et aI., 1984) , or when given by ventriculo cisternal perfusion (U nterberg et aI., 1982; U nter berg and Baethmann, 1984) increased the perme ability of the blood-brain barrier (BBB) or induced brain edema. In view of these profound cerebrovas cular effects of BK, and because several receptor and second-messenger systems were reported in ce rebral microvessel preparations (see review by Harik, 1989) , we investigated BK receptors and their putative effect on phosphoinositide turnover in isolated brain microvessels of the rat and pig. We previously were unable to detect an effect of BK on cyclic GMP accumulation in isolated rat cerebral microvessels (Homayoun et aI., 1989) . We now show that BK receptors, mostly of the B2 type, ex ist in cerebral microvessels, and demonstrate that BK mediates its effects via increased turnover of membrane PI. A preliminary report of these find ings was presented (Homayoun and Harik, 1990) .
METHODS

Chemicals
BK, des-Arg9[LeuR]BK (a B[ antagonist), and des
Argo[Hyp3-Thi5-8,D-Phe7]BK (a B 2 antagonist) were pur chased from Bachem Bioscience (Philadelphia, P A, U.S.A.). (2,3-propyl-3-4-eH-N])BK (specific activity of 78.4 Cilmmol) was purchased from New England Nuclear and myo-[2-3H]inositol (specific activity of 23 Ci/mmol) was purchased from American Radiolabeled Chemicals. Captopril (SQ 14225) was a gift from Squibb Pharmaceu tical Company (Princeton, NJ, U.S.A.). All other chem icals were obtained from commercial sources, mainly Sigma.
Tissues
Adult male Wistar rats were decapitated and their brains quickly removed. Adult pig brains were obtained from a local slaughterhouse and transported to the labo ratory in ice-cold physiological buffer. The cerebral cor tical mantles of rats and pigs were dissected free of me ninges and choroid plexus, and cerebral microvessels were obtained by bulk isolation as described previously (Harik et aI., 1985; Homayoun et aI., 1985) . Usually, one microvessel preparation was derived from the cerebral cortical mantles of 8-12 rats or 1-2 pigs. In previous stud ies, we determined by microscopy and by biochemical assays that isolated microvessel preparations are of high purity, with the estimated impurities amounting to <5% (Harik et aI., 1981) .
Particulate fractions of rat and pig cerebral cortex and of cerebral microvessels that were isolated less than 1 week earlier and stored at -20°C were prepared for BK receptor binding by homogenization in 10 volumes of 25 mM N-tris(hydroxymethyl)methyl-2-aminoethane sulfo nic acid (TES), pH 6.8, containing 1 mM of 1,10phenanthroline, in a Brinkmann polytron (15 s at setting 7). The homogenates were centrifuged at 50, 000 x g for [3H]BK binding assay eHlBK binding was performed according to Fujiwara et al. (1989) , with minor modifications. The assay mixture (1 ml) contained 0.5-0.8 mg of tissue protein; TES buffer, 25 mM, pH 6.8; 1, IO-phenanthroline, 1 mM; dithiothrei tol, 1 mM; captopril, 2 JLM; bacitracin, 140 JLg; and bo vine serum albumin, 0.2%, and various concentrations of [3H]BK and its antagonists as detailed for the specific experiment. Assays were initiated by the addition of [3HJBK. and incubated at 2SOC for 100 min and termi nated by filtration under reduced pressure onto Whatman GF/B filters that were pretreated with 0.1 % aqueous poly ethylenimine. The filters were washed three times with 5 ml of cold 0.9% NaCI solution and their radioactive con tent counted at an efficiency of about 45%. Specific bind ing of [3H]BK was determined by subtracting nonspecific binding performed in the presence of 10 JLM unlabeled BK from total binding in the absence of unlabeled BK.
Maximal binding (BmaJ and the binding dissociation con stant (Kd) were calculated according to Scatchard (1949) .
Typically, specific [3H]BK binding to rat and pig cerebral microvessels was above 50% of total binding at BK con centrations that were fivefold higher than the Kd• In prep arations of the rat and pig cerebral cortex, however, the ratio of specific to total binding ranged from 20 to 40%. For this reason, we were unable to measure BK receptors reliably in rat and pig cerebral cortex.
In preliminary experiments, we determined that spe cific [3H]BK binding to cerebral microvessels was linear with respect to the amounts of microvessel protein in the range that we used in these experiments.
Assays of eH]PI turnover
Freshly isolated cerebral microvessels (where attention was given to constant oxygenation during the isolation procedure) were incubated with 0.3-0.4 JLM (about 50 JLCi) of myo-[2-3H]inositol (23 Ci/mmol) in 10--15 ml of inositol-free culture medium (RPM! 1640, GIBCO, Grand Island. NY. U.S.A.), for 20 h at 37°C in an atmosphere of 10% C0 2 /90% 0 2 ' After this incubation, the microvessels were recovered by low-speed centrifugation and washed three times with culture medium containing 10 mM unla beled myoinositol, and allowed to equilibrate in the same medium at 37°C for 1 h. The microvessels were then washed once more in Krebs physiologic solution contain ing 20 mM N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (HEPES) buffer, pH 7.4, and 60 mM LiCI. Aliquots of these microvessels were incubated at 37°C, in triplicate, in individual wells of culture plates in the same buffer for 20 min before the addition of NaF, BK, and any of its antagonists or other active agents. This final incu bation took place at 37°C for variable times as indicated for the indi vidual experiment. Li + was used to inhibit the conversion of eHlinositol monophosphates to eH]inosi tol (Berridge et al., 1982) . The incubation volume per well was 0.3 ml and the amount of microvesse1 protein was 0.2-0.3 mg.
In experiments where various concentrations of BK antagonists or 10 JLM of the phorbol ester, 413-phor bol-1213-myristate-13cx-acetate (PMA) , were used, they were preincubated with the microvessels for 15 min be fore BK was added. When 1 flg/ml of pertussis toxin (PT) was used, preincubation took place for 2 h. When 10 JLM of either guanosine-5' -O-(3-thio)triphosphate (GTP),S) or guanosine-5' -O-(2-thio )diphosphate (GDP�S) were used either alone or with BK, preincubation of microvessels with those agents took place for periods of I to 3 h. In all of these experiments, the reaction was stopped 30 min after BK was added. The effect of extracellular Ca 2 + on PI turnover was accomplished by washing the microves sels in Ca 2 + -free buffer, with or without 1 mM EGT A, before preincubation with LiC!.
The reaction was stopped by the addition of 1 ml of ice-cold 15% trichloroacetic acid and simultaneous chill ing of the incubation mixture in an ice bath for 30 min. The samples were then centrifuged at 1, 000 x g for 20 min and the supernatants removed, washed four times with diethyl ether, and neutralized with 5 ml of 5 mM disodium tetraborate solution. The pellets were dissolved in 1 M NaOH and used for protein assays by the method of Lowry et a!. (1951) . Inositol phosphates were separated by anion-exchange chromatography on Dowex 1 x 8, 200-400 mesh (formate form) columns (BioRad), as de scribed previously (Berridge et a!., 1983) . The columns were washed with 30 ml of water followed by 10 ml of a solution containing 60 mM ammonium formate and 5 mM disodium tetraborate. This was followed by elution of the inositol phosphate fractions with 10, 15, and 8 ml of so lutions of 0.1 M formic acid containing 0.2, 0.4, and 1.0 M ammonium formate to elute [3Hlinositol monophosphate (IP,), eHlinositol bisphosphate (lP 2 ), and [3Hlinositol trisphosphate (lp]). Radioactivity was determined in 2 ml aliquots of each fraction at an efficiency of about 37%.
The ability of the micro vessel preparations to hydro lyze PI was assured in each microvessel preparation by incubating aliquots of cerebral microvessels with 10 mM NaF. In a minority of preparations, NaF did not cause at least doubling of IP, accumulation after 30 min of incu bation. In those instances, the results were excluded from data analysis.
Data analysis
All BK binding and PI turnover determinations were done in triplicate and their means used. Most experiments were repeated at least twice. Statistical analyses by the paired Student's t test (two tailed) or one-way analysis of variance followed by Tukey's test were used to compare the experimental to the control conditions. Significance was considered at p < 0.05.
RESULTS
[3H]BK binding
Specific eH]BK binding to particulate fractions of pig and rat cerebral cortex could not be quanti tated because of the relatively small specific to total binding ratio, which was often less than 30%, even at low BK concentrations. However, specific eH]BK binding to pig and rat cerebral microvessels was evident. Such binding was saturable up to BK concentrations of 500 pM ( Fig. lA) . At higher con centrations of BK, specific binding appeared unsat urable up to 4 nM (Fig. IA) . These results are com patible with findings in other tissues (Manning et aI. , 1986; Sung et aI., 1988) and suggest the exis tence of two binding sites in cerebral microvessels, a saturable and high-affinity binding site, and a low-affinity but poorly saturable site. The total, nonspe cific, and specific binding of eH]BK to pig cerebral microvessels as a function of relatively low BK con centrations in the incubation mixture is shown in Fig. lB . The corresponding Scatchard plot for the high-affinity and saturable binding site is presented in Fig. 1 C. Similar results were obtained with rat cerebral microvessels. The Bmax and Kd of three separate determinations of the high-affinity BK binding site in pig and rat cerebral microvessels preparations were (means ± SD) 8. 0 ± 4.1 fmol/mg of protein and 47 ± 24 pM and 6. 8 ± 1. 5 fmol/mg of protein and 150 ± 8 pM, respectively.
To characterize further the high-affinity BK re ceptor site, we used the rather specific B I and B2 receptor antagonists, des-Arg9[Leu8]BK and des Arg o [Hyp 3 ,Thi s -8,D-Phe7]BK. The B] antagonist was much less effective in displacing specific BK binding to pig cerebral microvessels than the B2 an tagonist (Fig. 2) . Native BK was more effective than both antagonists in displacing the specific binding of eH]BK to pig cerebral microvessels. The IC so of native BK was 0. 25 nM, that of the B2 an tagonist was about 3 nM, while that of the B] an tagonist was too high to be accurately measured, but was roughly estimated at 0.1 mM (Fig. 2) .
Effects of BK on PI hydrolysis
Freshly isolated rat and pig cerebral microvessels that were prelabeled with myo-eH]inositol re sponded to BK stimulation by increased accumula tion IP], IP2, and IP3. However, the response to BK by pig cerebral microvessel preparations was not always consistent, possibly indicating partial non viability of isolated microvessels because of factors related to the delay in transporting pig brains to the laboratory. This finding underscores the impor tance of validating the capability of the isolated brain microvessels to increase PI hydrolysis in the presence of 10 mM NaF, a known stimulant. In view of this, the results that we present below were all performed in rat cerebral microvessel prepara tions, which yielded more consistent results. Typi cally, 10 mM NaF induced about a 2. 5-fold in crease, while BK at 1 J.LM caused about a onefold increase in IP] accumulation in 30 min in rat brain microvessels (Table O. The BK-induced accumulation of IPI, IPz, and IP3 was time dependent, with IP 3 being the quickest to rise and fall, reaching its peak at 1 min and re turning to baseline by 5 min after the addition of BK (Fig. 3A) . The BK-induced accumulations of IP]
and IP2 were slower, with IP2 reaching a broad peak at about 15 min and IP] being stable between IS and 30 min after the addition of BK (Fig. 3A) . These findings are best explained by the quick hydrolysis of IP3 to IP2, which in turn is hydrolyzed to IP). IP) accumulates because of the presence of Li + . Given these results, most of our experiments examined the effects of BK on PI turnover by measuring IP) accumulation at 30 min after the addition of BK. The effect of BK on PI hydrolysis was concen tration dependent, with IP) accumulation reaching its maximum at 10 JJ.. M (Fig. 3B) . The EC50 of BK on IP) accumulation was 0. 3 JJ.. M. The accumulation of IP2 and IP3 by 30 min of incubation was not appre ciably increased at all BK concentrations (Fig. 3B) .
BK stimulation of IP) accumulation was not in hibited by preincubation of microvessels with the B) inhibitor, but was almost totally blocked by pre incubation with 10 JJ.. M of the B2 inhibitor (Fig. 4A) . In another study, where the dose-effect relation ship of the B2 receptor antagonist was studied, we found that inhibition of IP) accumulation by 1 JJ.. M BK was dose dependent, with an IC50 of about 0.1 JJ.. M (Fig. 4B ). Total inhibition was evident at a 10 f.LM concentration of the B2 antagonist.
Preincubation of rat cerebral microvessels in a Ca 2 + -free buffer with or without 1 mM EGTA re duced the basal levels of PI turnover by more than The values, in thousands of dpmlmg of protein/30 min, are means ± SD of four to six experiments run in triplicate. CONCENTRA TION -LOG(M) 60% ( Table 2) . Under these conditions, however, 1 JJ.. M BK increased IP) accumulation by 1 -to 1. 5-fold in 30 min (Table 2) . Thus, BK stimulation persisted in the absence of extracellular Ca 2 + .
Preincubation of rat cerebral microvessels with 10 JJ.. M PMA had no significant effect on basal or on BK-stimulated IP) accumulation (Fig. 5A) . Also, addition of either GTP-yS, an activator of G pro teins, or GDP�S, an inhibitor of G proteins, had no detectable effect on either basal or BK-stimulated IP) accumulation (results not shown). Similarly, PT had no significant effects on basal or on BK stimulated IP) accumulation in rat cerebral mi crovessels (Fig. 5B ).
DISCUSSION
The data presented demonstrate two findings with major biological implications. First, high affinity BK receptor binding sites exist in cerebral microvessels of the rat and pig. Second, BK recep tor activation mediates its effects, at least in part, by stimulating phospholipase C and increasing phosphoinositide turnover.
Our finding of a saturable and a high-affinity bind ing of eH]BK to isolated cerebral microvessels con stitutes the first direct evidence that BK receptors exist in these microvessels. This conclusion was previously suspected in view of the plethora of physiological findings suggesting that BK influ ences the caliber and permeability of brain mi crovessels (see review by Wahl et aI. , 1987) and because BK was reported to stimulate PI turnover (Derian and Moskowitz, 1986; Bartha et aI. , 1989; Voyno-Yasenetskaya et aI. , 1989) , increase intra- , 1988) , and increase prostacyclin synthesis (Whorton et aI., 1982; Crutchley et aI., 1983) in vas cular endothelial cells.
The Kd of the high-affinity BK receptor binding in brain microvessels is in the same general range of 10 to 300 pM that was reported in a variety of tissues (Manning et aI., 1986; Farmer et aI., 1989; Fujiwara et ai., 1989; Liebmann et ai., 1990) . The major ex ception was the finding by Sung et aI. (1988) in bo vine pulmonary artery endothelial cells of a BK binding site with a Kd of about I nM. The Bmax in cerebral microvessels was about 10 fmol/mg of pro tein, which is less than that reported in the ileum, heart, kidney, and uterus (Manning et aI., 1986; Farmer et aI., 1989; Liebmann et ai., 1990) The values are means ± SD of three separate experiments each performed in triplicate. IP1 (circles) accumulation ap pears to be dose dependent while accumulation of IP2 (squares) and IP3 (triangles) were not appreciably increased at all BK concentrations that we used. The basal levels of inositol phosphates at the end of 30 min of incubation were 31 ,867 ± 12,662, 5,095 ± 2,1 69, and 1,708 ± 460 dpm/mg of protein for IP1 , IP2, and IP 3 , respectively.
of a low-affinity and poorly saturable [ 3 H]BK bind ing site in cerebral microvessels (Fig. lA) is also consistent with the findings of other iGvestigators (Manning et aI., 1986; Sung et aI., 1988; Liebmann et aI., 1990) . It is most unlikely that the highand low-affinity eH]BK binding sites correspond to the two physiological receptor subtypes, B] and B2• Based on our displacement experiments, there is little question that the high-affinity BK receptor of cerebral microvessels is of the B2 subtype (Fig. 2) . This is further substantiated by the potent effect of the selective B2 inhibitor on inositol phosphate ac cumulation in cerebral microvessel preparations (Fig. 4) .
In contradistinction to cerebral microvessels, we were unable to detect specific eH]BK binding in the rat and pig cerebral cortex. This suggests that if BK -l:I.. receptors are present in the cerebral cortex of the rat and pig, their density must be low. The fact that Fujiwara et al. (1989) found BK binding sites in the cerebral cortex of guinea pigs is probably best ex plained by species differences.
In general, eHlBK binding to pig cerebral mi crovessels revealed a higher density of binding sites and, more importantly, a higher affinity of binding (i. e. , lower Kd) than rat cerebral microvessels. This would suggest that the physiological effects of BK on the cerebral microcirculation of the pig are more robust than in the rat. Unfortunately, our physio logical experiments that examined inositol phos phate accumulation in pig cerebral microvessels The values in thousands of dpm are means ± SO of three to four separate determinations performed in triplicates. The aster isk denotes significant difference from control incubation in Krebs buffer at p < 0. 05 (analysis of variance followed by Tukey's test).
yielded widely variable results. This is most likely due to the fact that microvessels were rendered nonviable by the trauma of the isolation procedure, compounded in the case of pig cerebral microves sels by the longer postmortem interval before mi crovessel isolation. This underscores the impor tance of assessing the viability of brain microves sels prior to performing physiological experiments. In all of our studies of PI turnover, we assessed the viability of isolated microvessels by their capability to react to NaF, and discarded the data from prep arations where 10 mM NaF gave less than doubling of IP 1 accumulation over basal levels in 30 min.
The physiological studies that we performed pro vide a biological anchor for the binding results. The choice of PI hydrolysis for the physiological studies was supported by the wealth of evidence for inositol phosphate accumulation upon BK receptor stimu lation (Derian and Moskowitz, 1986; Burch and Ax elrod, 1987; Lambert et al. , 1986; Osugi et al. , 1987; Cholewinski and Wilkin, 1988; Chuang and Dillon Carter, 1988; Bartha et aI. , 1989; Francel et al. , 1989; Gammon et al. , 1989; Perney and Miller, 1989; Voyno-Yasenetskaya et al. , 1989) . We previ ously ascertained that BK does not result in gua nylate cyclase stimulation in rat cerebral microves sels (Homayoun et al. , 1989) .
BK is a potent stimulator of PI hydrolysis in rat cerebral microvessels with a transient increase in IP3, a less transient accumulation of IP 2 , while IPI accumulated during the 30 min incubation time in the presence of 60 mM Li + (Fig. 3A) . This Li + concentration was much higher than that used in other tissues (Berridge et aI., 1982) , but we found it necessary to block the degradation of IP I in our microvessel preparations. This high Li + require ment was also noted in NCB-20 neurohybrid cells in culture (Chuang and Dillon-Carter, 1988) . We sus pect that higher Li + concentrations are required for inactivation of inositol monophosphatase in some tissues, including cerebral microvessels. Overall, these results are compatible with IP3 and/or diacyl glycerol being the second messenger(s) for BK re ceptor stimulation in cerebral microvessels. The effect of BK on IP I generation was dose de pendent, attaining maximal levels at about 1 fl-M. This is higher than what we expected from the bind ing studies, where the Kd was about 0.1 nM, but is consistent with the dose-response studies of the physiological effects of BK (see reviews by Regoli and Barabe, 1980; Wahl et aI., 1987) . IPI accumu lation was not affected by the BI antagonist but was blocked by the B 2 antagonist, with near total inhi bition at 10 fl-M (Fig. 4) . Thus, both the binding and physiological studies indicate that BK receptors of cerebral microvessels are of the B 2 subtype. In the absence of extracellular Ca 2 +, IP I accu mulation under basal conditions was reduced by -60%, but the magnitude of the BK-induced IPI accumulation was not affected ( Table 2) . These re sults suggest that basal PI hydrolysis in cerebral J Cereb Blood Flow Metab, Vol. II, No. 4, 1991 microvessels is Ca 2 + sensitive, which is similar to findings in hepatocytes (Kirk et aI., 1978) and in neurohybrid cells in culture (Chuang and Dillon Carter, 1988) , However, neurohormonal stimula tion of PI hydrolysis in cerebral microvessels, as in other tissues (Kirk et aI., 1978; Chuang and Dillon Carter, 1988) , seems to be Ca 2 + independent. This is also consistent with the work of Derian and Moskowitz (1986) , who found that calcium channel blockers had no effect on PI hydrolysis in bovine aortic endothelial cells in culture.
NaF potently stimulates PI hydrolysis in isolated cerebral microvessels (Table 1) most probably via an effect on stimulatory G protein(s) (Blackmore et aI., 1985; Gonzales and Crews, 1988) . The inability of PT to affect either the basal or the BK-stimulated PI hydrolysis in cerebral microvessels indicates that their G protein(s) is (are) not PT sensitive. This is consistent with prior work showing no effect of PT on endothelial cells in culture (Lambert et aI., 1986; Voyno-Yasenetskaya, 1989) . Stable GTP analogs are also known to influence G proteins (Gilman, 1987) . The lack of effect of stable GTP analogs in our system probably means that they failed to enter into cells where they could act on intracellular sites. The success of GTP analogs in influencing PI hy drolysis in cerebral endothelial cells in culture de pends on whether these cells are permeabilized or not (Voyno-Yasenetskaya, 1989) .
The BK-induced increase in PI turnover was not attenuated by pretreatment of cerebral microves-sels with the biologically active phorbol ester, PMA (Fig. SA) . PMA activates protein kinase C and often attenuates the hormone-induced increased activity of phospholipase C and the resultant inositol phos phate accumulation via a feedback control of recep tors (Nishizuka, 1986) . The mechanism underlying the lack of effect of PMA on PI hydrolysis in our experiments, either under basal conditions or when BK was added, is not known. One possibility is that protein kinase C is fully activated in isolated brain microvessels so that further activation is not possi ble. This hypothesis is supported by the finding that protein kinase C is mostly restricted to the particu late fraction, and not the cytosol, in freshly isolated cerebral microvessels (Markovac and Goldstein, 1988) . Our own preliminary findings in freshly iso lated rat and pig cerebral microvessels support this contention. Furthermore, 20 h incubation of freshly isolated rat cerebral microvessels in the same cul ture medium that we used for myo-inositol incorpo ration did not restore the cytosolic component of protein kinase C.
Isolated cerebral microvessel preparations are heterogenous in their cellular composition. Their main component is endothelial cells, which consti tute the BBB. Other components include pericytes, smooth muscle cells in the minority of microvessels that exceed 12 ,"" m in diameter, and minimal glial and neuronal contaminants (Harik et aI. , 1981) . Our results do not allow predictions concerning the cel lular localization of BK receptors. Such localization must await experiments using ultrastructural meth ods or the use of pure cultures of the various cell types. It is unlikely, however, that the BK recep tors that we detected in cerebral microvessels are due to neuronal or glial contaminants, since we were unable to obtain definite binding in the cere bral cortex. In fact, such contamination would de crease the density of BK binding sites in our prep arations. It is most likely that the BK receptors that we measure are located on endothelial cells because they are the major component of the isolated cere bral microvessel preparation, because effects of BK receptor stimulation have been described in cere bral endothelial cells in culture (Derian and Moskowitz, 1986) , and because of the known phys iological influence of BK on the BBB (Wahl et aI., 1987) . It is possible, however, that BK receptors may exist in smooth muscles and pericytes.
Irrespective of the exact location of the BK re ceptors, our findings indicating their existence in cerebral microvessels and linking them to PI hy drolysis provide important biological information that implies that BK plays a role in the modulation of the brain microcirculation.
